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ABSTRACT  
 
Infrastructure construction now demands the development on soft ground such as 
peat. Discomfort of road users such as bumpy road need to be addressed with the use 
of appropriate lightweight and stiff backfill materials. Alternative lightweight fills 
used in current highway construction is critically reviewed in this research prior to 
the conceptual development of a stiff lightweight mat (Geocomposite Cellular Mat, 
GCM). The GCM concept is somewhat similar to the EPS concept by virtue of the 
mat form. However, the EPS is lighter than GCM, but the GCM is much stronger, 
stiffer, more porous and permeable. The performance of the GCM on hemic peat 
ground at the test site in Parit Nipah, Johor was compared with that from 
conventional backfill (sand fill). The typical geotechnical properties of Parit Nipah 
peat were high in organic content (85.3 %), high in moisture content (> 600 %) and 
low in undrained shear strength (< 15 kPa). The consolidation characteristics of Parit 
Nipah peat was obtained from both laboratory and field tests using Terzaghi’s, and 
hyperbolic methods. The settlement predicted by hyperbolic method gave a better 
agreement with the field data. The field tests were environmentally monitored and 
innovative field instrumentation for the settlement monitoring was specially designed 
for this research. The research effectively demonstrates potential for the use of GCM 
to mitigate settlement of highway embankment built on peat ground. The field 
observation showed that the maximum settlements were reduced up to 84 % with the 
adoption of GCM fills. Furthermore, 70 % differential settlement was reduced with 
GCM fill compared with sand fill. GCM fills not only reduces excessive settlement 
but also reduces the differential settlement. However, they also effectively accelerate 
the consolidation settlement within the sub-grade through the ease of dissipation of 
the excess pore water pressure through the open-porous cellular structure of the 
GCM fills.    
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ABSTRAK 
Pembinaan infrastruktur di atas tanah lembut contohnya tanah gambut kini mendapat 
permintaan yang tinggi. Namun yang demikian, pembinaan jalan raya diatas tanah 
gambut memberi ketidakselesaan kepada pengguna jalan raya disebabkan oleh jalan 
yang beralun dan ini perlu ditangani dengan pendekatan yang sesuai seperti 
penggunaan bahan tambak yang ringan dan kuat. Melalui penyelidikan ini, kajian 
secara kritikal terhadap bahan alternatif tambak ringan yang digunakan dalam 
pembinaan jalan raya masa kini telah dilakukan sebelum pembangunan konseptual 
bahan tambak berbentuk tikar yang ringan dan keras (Geocomposite Celular Mat, 
GCM). GCM mempunyai konsep yang hampir sama dengan EPS iaitu berbentuk 
tikar. Namun yang demikian, EPS adalah lebih ringan berbanding GCM, tetapi GCM 
lebih kuat, keras, poros dan telap jika dibandingkan dengan EPS. Hasil ujikaji 
terhadap prestasi GCM ke atas tanah gambut hemik yang dilakukan di tapak ujikaji 
terletak di Parit Nipah, Johor dibandingkan dengan tambak konvensional berbentuk 
pasir. Ciri geoteknikal tanah gambut di Parit Nipah yang tipikal mempunyai 
kandungan organik yang tinggi (85.3%), kandungan kelembapan yang tinggi (> 600 
%) dan kekuatan ricih yang rendah (< 15 kPa). Ciri-ciri pengukuhan tanah gambut ini 
diperoleh melalui ujikaji makmal dan lapangan dengan menggunakan kaedah 
Terzaghi dan hiperbolik. Kaedah hiperbolik menunjukkan ramalan pemendapan 
lapangan yang lebih baik berbanding dengan kaedah lain. Pemantauan terhadap 
persekitaran kawasan lapangan telah dilakukan dan penggunaan peralatan tapak telah 
direka khas dalam kajian ini untuk memantau pemendapan. Hasil kajian menunjukkan 
potensi penggunaan GCM bagi mengurangkan pemendapan penambakan jalan raya 
yang dibina diatas tanah gambut adalah sangat efektif. Kajian lapangan menunjukkan 
penggurangan sehingga 84% terhadap pemendapan maksimum berjaya dicapai 
dengan menggunakan GCM. Selain itu, perbezaan pemendapan juga berjaya 
dikurangkan sebanyak 70 % dengan penggunaan GCM. GCM bukan saja dapat 
mengurangkan jumlah dan perbezaan pemendapan, ianya juga mampu 
mempercepatkan pemendapan subgred secara efektif dengan memudahkan 
penyerapan lebihan tekanan air liang melalui struktur sel liang terbuka GCM.   
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Preamble  
 
Infrastructure constructions on compressible soil have had many post construction 
problems in the past. The most critical geoenvironment challenges are associated 
with excessive settlement and differential settlement leading to hazard and 
discomfort in road usage. Nearly, 28.6 % of the road user complaints received in 
2011 referred to poor condition of road due to differential consolidation settlement 
(Unit Komunikasi Korporat, 2011). 
Within the Medium term National Infrastructure Development Plans there are 
proposals being mooted for the construction of the new East Coast Highway and 
Dual Track Rail Road extensions from Kluang to Seremban. Such projects will 
necessarily meet challenging peat ground conditions. Some authorities frequently 
consider construction of roads on peat to be a ‘black art’. Consequently many 
engineers opt for conservative but unsustainable construction technology such as 
excavation and replacement with alternative natural resources. Furthermore, this 
technology also leads to uneconomic designs because it will increase the cost of 
construction and delay the period to completion (Kadir, 2009). Various alternative 
construction and stabilisation methods such as surface reinforcement, preloading, 
chemical stabilisation, sand or stone column, pre-fabricated vertical drains, and piles 
have been suggested and adopted in the past to support structures over soft yielding 
ground (Huat, Maail & Mohamed, 2005; Kadir, 2009; Construction Research 
Institute of Malaysia, 2015). However these technologies are constrained by 
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technical feasibility, space and time limitations and expensive process. Even after 
these procedures, problems of differential settlement are not uncommon. 
Innovative use of lightweight fill material can meet the geotechnical 
challenges posed by soft yielding ground, because it offers an attractive solution to 
reduce settlement. The stress on the subsoil can be reduced so that the settlement is 
reduced or eliminated, if the road embankment is constructed out of fill material 
lighter than that of soil. In this respect, various types of lightweight materials 
(sawdust, fly ash, slag, cinders, cellular concrete, lightweight aggregates, expanded 
polystyrene (EPS, shredded tires, and sea shells) have been proposed for road 
embankment construction.  
Application of lightweight fill materials such as EPS (also known as 
“geofoam”) has been used for more than 40 years around the world for roadwork 
construction projects (Frydenlund & Aaboe, 2001; Buksowics & Culpan, 2014). 
However, the first application of this technology in Malaysia was in 1992 for the 
remedy of settlement of bridge abutments (Gan & Tan, 2003). Others are as below: 
▪ Remedial of bridge abutment settlements at Kota Bridge II, Klang, Selangor, 
1992. 
▪ Construction of lightweight road embankment at Teluk Kalung Bypass, 
Kemaman, Terengganu, 1994. 
▪ Construction of approach embankment to overpass bridge at Sungai Tengi, 
Kuala Selangor, Selangor, 1995. 
▪ Remedial of differential settlement problem for a bus terminal platform, 
1996. 
▪ Transition treatment between the approach embankment and a major bridge 
at the main entrance of Tanjung Pelepas Port, Johor, 1997. 
▪ Remedial of platform settlement at Sungai Dua Toll Canopy, Penang, 1997 
▪ Strengthening of bridge abutments on both sides of a bridge, 1999. 
▪ Transition treatment of a railway bridge abutment founded on the reclamation 
fills at Tanjung Pelepas Port, Johor, 2001. 
▪ Mitigate platform settlement at Sungai Dua Toll Canopy Extension Works, 
Penang, 2002. 
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1.2 Problem identification  
 
The recent dramatic growth of population in Malaysia and many other parts of the 
world has been a cause for rapid pace of infrastructure development to meet the 
demands of society and transformation of the economy (Department of Statistic 
Malaysia, 2012). Due to the limited availability of ‘suitable’ ground, construction 
activities are now forced to consider the development on soft yielding ground. Such 
soils are geotechnically problematic, which comprise of high compressibility, high 
moisture content (>200 %), low bearing capacity (<8 kN/m2) and low shear strength 
(<20 kPa) as reported by Zainorabidin & Wijeyesekera (2007). These usually are 
subjected to localised sinking and slip failure, and massive primary and long-term 
consolidation settlement even when subjected to a moderate load (Huat et al., 2005; 
Duraisamy et al., 2008). Roller coaster scenarios in different settling highways have 
proved uncomfortable to the driver and passenger.  
Figure 1.1(a) shows a house in Sibu which was badly damaged just one year 
after completion of the construction, due to differential settlement in peat soil (Huat, 
2004). Figure 1.1(b) shows the poor condition of a road in Sibu town, Malaysia 
caused by ground settlement (Kolay, Sii & Taib, 2011). Huat (2004) and Kolay et al. 
(2011) state that the ground subsidence on peat land in Sibu town is due to poor 
groundwater flow, which has resulted in negative gradients to drainage. Figure 1.2 
(taken by author) shows another example of settlement failure occurring in a 
structure constructed on peat at Parit Nipah, Johor. Here the peat has settled from the 
original level causing the structure of the house to become unsupported. This case 
clearly shows the peat soil settlements not only depend on its magnitude but also on 
its degree of non-uniformity and the nature’s effects such as dewatering and drying 
of the peat. This was also reported by Nurhana (2010). 
Any construction activity below the groundwater table must also carefully 
consider the buoyancy forces in the design especially for the lightweight fill material. 
Three failures associated with buoyancy forces on EPS and water fluctuations have 
been reported. Two different failures occurred at Northern Europe in 1987 and 
Thailand (Asia) were reported by Frydenlund & Aaboe (2001) and failure at 
Carousel Mall in Syracuse New York was reported by Horvath (1999). 
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                                 (a)                                                                      (b) 
 
Figure 1.1: Ground subsidence in Sibu, Sarawak, Malaysia (a) failure of structure 
and (b) road settlement.  
 
        
 
Figure 1.2: Peat settlement occurring at Parit Nipah, Johor. 
 
The alternative technology of the lightweight cellular mat structure is 
developed in Universiti Tun Hussein Onn Malaysia (UTHM) and is being used in 
this research. The idealised cellular structure in this technology allows water to flow 
freely and vertically, reduces the probability of floating, minimising the settlement 
and help accelerate the consolidation settlement within the sub-grade through rapid 
dissipation of the excess pore water pressure developed. Furthermore, the mat 
structure will even out any local differential settlement. The performance of this 
technology constructed on peat soil is critically studied in this research.  
Unsupported structure 
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1.3 Research hypothesis  
 
This research is backed by the following hypothesis. The adoption of the 
Geocomposite Cellular Mat (GCM) as a lightweight fill embankment will: 
a) Reduce the embankment settlement that occurs due by reducing self-weight 
of embankment.  
b) Minimise the differential settlement that may occur through the use of a stiff 
and contiguous mat structure and the consequent load sharing mechanism of 
the mosaic style laying of the mats. 
c) Accelerate the consolidation settlement within the sub-grade through the 
dissipation of the excess pore water pressure via the very open porous cellular 
structure of the GCM. 
d) Reduce the probability of floatation. Buoyancy forces arise when submerged 
in water. Relatively low densities are prone to create greater buoyancy, and 
the open-porous cell structure becomes effective to accommodate the high 
permeability characteristic for unhindered flow. 
 
1.4 Research aim and objectives 
 
1.4.1 Aim of the research  
 
The aim of this research is to study the performance of the GCM as a fill material to 
mitigate settlement of embankment construction on peat soil. 
 
1.4.2 Objectives of the research  
 
In pursuit of the above aim, the following objectives will necessarily be done: 
1) To evaluate the engineering characteristics of GCM fill through laboratory 
test. 
2) To evaluate the consolidation properties of Parit Nipah peat based on results 
obtained from one-dimensional consolidation test. 
3) To critically evaluate the field performance of settlement behaviour of GCM 
over soft ground compared with sand fill. 
4) Assessment of observed and predicted settlement 
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1.5 Scope (boundary) of research  
 
The focus of this research is to critically investigate the GCM performance in 
particular the use as a fill embankment for soft ground especially peat soil. The 
boundary of research activity is shown in Figure 1.3. Within the embankment 
construction only the application of it on problematic ground condition is studied 
particularly in excessive and differential settlement. Considerable attempt is given to 
investigate the appropriateness of using this lightweight fill (rather than soil 
stabilisation), and the economic and logistics of the use of this material. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3: Research elements studies within the boundary of in investigation. 
 
The research includes series of both laboratory and field testing as well as 
theoretical evaluation of predicted settlement. The necessary GCM produced at 
Research Centre for Soft Soil (RECESS), UTHM are used for both laboratory and 
field tests. Laboratory testing is primarily done at RECESS and Polymeric and 
Ceramic Laboratory, UTHM. The aim is to determine characteristic properties of the 
GCM. Results of strength and stiffness obtained through laboratory testing are 
compared with past literature values for different fill materials. This research also 
considered the variation of three geometrical parameter of the tube associated with 
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the weight being (1) thickness of tube, (2) external diameter of tube and (3) height of 
cellular mat form from the tubes. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4: General details of field location and soil sampling. 
 
The field testing was conducted using prototype testing setups on a site to 
investigate performance of GCM under fill loading only and compared the response 
from conventional natural fill material. Furthermore, this research scope for field 
testing comprised of: 
▪ Evaluation of the magnitude of independent settlement in vertical direction 
only. 
 Grid reference: 
Latitude: 1o 50’ 07.1” N 
Longitude: 103o 11’ 04.6” E 
 
Distance: 
17.1 km  
(28 min from UTHM by car) 
 
 
N 
Parit Nipah 
Test Site 
Field test area at Parit Nipah  
Scale:  2 km  Scale:  2 km  
Universiti Tun 
Hussein Onn 
Malaysia (UTHM) 
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▪ Monitoring of the field settlement was using an improvised digital automatic 
level. 
▪ Evaluation of environmental condition at the site (groundwater table 
fluctuation, soil surface movement, air temperature, humidity and rainfall). 
Figure 1.4 shows detail of the field test site at Parit Nipah, Johore. More 
information of the site is discussed in Chapter 3. 
 
1.6 Research programme  
 
Figure 1.5 shows the planned flow of the research programme in order to achieve the 
aim and objectives of this study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.5: Flow for the research. 
 
Research Programme 
Literature Review 
Selection Material and Testing 
Site 
Laboratory Properties and 
Implementation Results 
Critical Analysis of Research 
Observations and Predicted 
Field Instrumentation, Testing 
and Observation at Parit Nipah 
Objectives 1 & 2 
Objective 3 
Objective 4 
Conclusion and Recommendation 
Chapter 2 
Chapter 3 
Chapter 6 
Chapter 4 
Chapter 5 
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1.7 Thesis outline  
 
This thesis consists of five chapters, a brief summary of each chapter is as presented 
in Table 1.1. 
 
Table 1.1: Thesis outline 
Chapter Description 
1 Introduction This chapter presents general information regarding this 
study; includes a preamble, problem identification, aim and 
objectives, boundaries or focus of the study, hypothesis and 
flow to achieve the aim and objectives of this study. 
2 Literature 
Review 
This chapter presents a critical review of the past literature 
on the geo-environmental challenge facing highway design 
and construction, and current technologies used to 
construct highway embankment on soft ground. 
Furthermore, in this chapter, literature reviews associated 
with the use of plastic products in civil engineering, 
contributory advantages from cellular structure, theoretical 
predictions of settlement, field measurement devices and 
methods used to observe settlement are also presented. It 
further discusses the outlines of the design guideline for 
lightweight fill material application and other topics that 
are relevant to this research work.  
3 Research 
Methodology  
This chapter gives guidance for this study to ensure that the 
process of the research is carried out systematically. Brief 
descriptions on the materials used throughout the research 
are covered in this chapter. All methods involved and how 
the method was done in order to achieve the aim and 
objectives of the study are also described in this chapter. In 
this chapter, it also briefly discusses the general laboratory 
test results. 
4 Field 
Instrumentation, 
Testing and 
Observation at 
Parit Nipah 
This chapter discusses in detail the field testing, including 
description and implementation of the GCM on test site, 
field instrumentation setup, environmental condition on 
site, field site preparation and construction, data collection 
and field observation. Moreover, the development of 
settlement plate gauge as well as calibration results using 
this instrument is also presented in this chapter.   
5 Critical Analysis 
of Research 
Observation and 
Predicted 
This chapter presents a comprehensive analysis of the 
result from laboratory and field performance as well as 
theoretical evaluation of predicted settlement.   
6 Conclusion and 
Recommendation 
This chapter presents the summary and conclusions from 
this research, significance findings from laboratory and 
field studies, brief of preliminary design guideline adopted 
for GCM application and recommendation for future work 
on the topic related to the present study. 
10 
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CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Introduction  
 
This chapter presents an overview of the current geoenvironmental problems relevant 
to this research. Past research and the research drivers leading to design and 
construction of infrastructure, particularly in highway constructions on difficult 
ground condition are also presented in this chapter. Furthermore, in this chapter a 
comprehensive literature associated with current lightweight technologies used to 
construct highway embankment on soft yielding ground, advantage and application 
of plastics product (basis of new alternative) in civil engineering, contributory 
advantages from cellular structure, field measurement devices to observe settlement 
(vertical movement), consolidation behaviour of peat soil, applicability of Terzaghi’s 
theory on peat soil and theoretical predictions of settlement are also presented. It 
further discusses the outlines of the standard and design guideline for lightweight fill 
material application and other topics that are relevant to this research work. The 
supportive information presented in this chapter was comprehensively and critically 
compared with the results obtained from this research as presented and discussed in 
Chapter 4 and 5.  
 
2.2 Settlement induced failure of highways and infrastructures on soft soil 
 
Soil stiffness of a road sub-grade/base helps define the potential to prevent 
indiscriminate road settlement leading to uneven road surfaces. Settlement is the 
downward movement of foundations to a point below its original position. 
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Settlement of highway embankments over soft soils (silty, clayey or excessive 
organic soils) is a prime problem encountered in maintaining structure facilities. 
Such soils tend to lack both the requisite shear strength and consolidation or long 
term creep. These soils also have poor drainage properties (low permeability) and 
tend to retain moisture (high moisture content). These types of soils tend to initially 
consolidate (short term settlement) much more than comparable soils with less water. 
 
  
 
 
 
 
 
 
(b) 
 
Figure 2.1: Typical section of a structure on peat; (a) immediately after completion 
of construction, (b) several years after completion of construction (Huat et al., 2005). 
 
(a) 
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Figure 2.1 presents the typical section of a road and housing on peat soils 
(organic content greater than 75 %). This figure shows the structure resulting in 
settlement several years after completion of construction due to consolidation of the 
soft soil. Additional failures have been reported by Kolay et al. (2011), Adon et al. 
(2012) and Razali (2013). This is a challenge to civil engineers in the design and 
construct road and highway embankment on this soil because they are extremely soft, 
wet, unconsolidated surficial occurring in wetland systems.  
 Designing of roads and buildings foundation must consider the factor that 
causes settlement. The settlement may occur due to the following reasons: 
▪ Elastic compression of the structure and underlying soil (also called 
immediate settlement). 
▪ Plastic or inelastic compression of the underlying soil. 
▪ Groundwater lowering is another major cause of settlement. Repeated rising 
and lowering of groundwater, particularly in granular soils, tend to reduce the 
void volume and cause the surface settlement.  
▪ Pumping of water or draining of water without proper filter material also can 
cause settlement. 
▪ Other cause of settlement includes volume change of soil, ground movement 
and excavation for adjacent structures, mining subsidence, etc. 
 
 
 
Figure 2.2: Settlement condition in shallow flexible and rigid foundation (Das, 2011) 
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 In additional, the interaction between soil and foundation also plays an 
important role in the distribution of settlements. This study identifies two types of 
settlement as shown in Figure 2.2. This figure shows the uniform settlement that 
occurs with a rigid foundation while the non-uniform settlement is a result of the 
flexibility of the foundation structures as portrayed by the effect of the particulate 
material in the conventional fill. This will be closely observed in this research. 
 
2.3 Problematic soils in Malaysia 
 
Organic materials are formed by biochemical processes, whereas the process of 
organic material accumulation is mainly a direct function of environmental 
conditions, the climate, and the ecosystems (peat swamps, bogs or mires) in which 
the peat is formed. Organic materials only accumulate to form peat under certain 
conditions. It is essential that the production of biomass (organic materials) is greater 
than its chemical breakdown to form peat (Andriesse, 1988; Zulkifley et al., 2013). 
 
2.3.1 Definition of peat soil  
 
Peat deposits are superficial soils with high organic matter content, usually occurring 
as integral parts of wetland systems, where they form extremely soft, wet, 
unconsolidated superficial deposits. Peat deposits sometimes occur as underlying 
strata or layers under other superficial deposits. Huat (2004) defines peats as 
naturally occurring highly organic substances that are derived primarily from plant 
materials and are formed when the accumulation of plant organic matter occurs more 
quickly than it humifies, usually when organic matter is preserved below high water 
tables, as in swamps or wetlands (Huat, 2004). 
The definition of peat soil in soil science, agriculture and engineering fields is 
defined in a different way as stated in Table 2.1. Soil scientists define peat as a soil 
with organic content greater than 35 %. In agriculture field, peat soils consist of 
organic content more than 20 % (refer to reference in Zolkefle, 2015). In 
geotechnical engineering, organic soil with organic content is greater than 75 %, it is 
called a ‘peat’ soil. Soils are termed organic soil when their organic content is 
between of 25 to 75 %. However, when the organic content is lower than 20 %, the 
soils will become clay, silt or sand soils (Huat, 2004). These variations in definition 
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are due to the mechanical properties of the soil, which change when the organic 
content of the soil is greater than 20 %. The classifications of peat according to 
ASTM D4427-92 and according to Jarrett, based on laboratory testing, are shown in 
Tables 2.2 and 2.3 (ASTM D4427 1992; Jarrett 1995; Huat 2004). 
 
Table 2.1: Definition of peat soil by various fields (adopted from Zolkefle, 2015) 
Field Description Standard 
Geotechnical 
Engineering 
All soils with organic content greater than 75 
% are known as peat. Soils that have an 
organic content below 75 % are known as 
organic soils. 
ASTM D4427-1992 
Soil Science 
All soils with organic content greater than 35 
% are categorized as peat. 
USDA (Soil Taxonomy) 
Agriculture 
Peat is classified if the organic content is 
more than 20 % 
USDA (Soil Taxonomy) 
 
Table 2.2: Organic content based on ASTM D4427-1992 (adopted from Huat, 2004) 
Soil Groups Description  Organic Content (%) 
Clay or Silt or Sand Slightly organic 2 – 20 
Organic Soil - 25 – 75 
Peat Soil - > 75  
 
Table 2.3: Definition of soils based on organic content in the soil (Jarret, 1995; Huat, 
2004) 
Soil Groups Description Symbol  Organic Content (%) 
Clay or Silt or Sand Slightly organic O 2 – 20 
Organic Soil - O 25 – 75 
Peat Soil - Pt > 75  
 
Nevertheless, the Malaysian Soil Classification System for Engineering 
Purposes based on BS5930 defined that the soils that have organic contents from 3 to 
20 % are classified as slightly organic soils, soils with organic contents in the range 
of 20 to 75 % are classified as organic soils, and soils with organic contents greater 
than 75 % are classified as peats (adopted from Zulkifley et al., 2013). 
The amount of the organic content in soil significantly affects engineering 
properties of soils include hydraulic conductivity and compressibility. Zulkifley et al. 
(2013) claimed that the ignition test is a most common practice for the determination 
of organic content (ASTM D2974). When used in conjunction with the Standard 
Practice for Classification of Soils for Engineering Purposes (Unified Soil 
Classification System) (ASTM D2487), the ignition test provides a quick and 
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inexpensive means of determining the organic content of a soil and is usually the 
only laboratory test needed for the classification of organic soil (Engineering 
Geology Working Group, 2007; Zulkifley et al., 2013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Tropical peatland of Southeast Asia (modified from Hassan, 2006 and 
Huat et al., 2005). 
 
2.3.2 Peatland in Malaysia 
 
Peat soil is formed by the decomposition or breakdown of plant and other organic 
materials. Peat has been identified as a major group of problem soils found in many 
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countries including Malaysia. Peat covers more than 4 million km2 of the planet’s 
surface which represents 50 to 70 % of the total wetlands on the earth (Abdullah et 
al., 2007). About 3.0 million hectares or 8 % of the land area in Malaysia is covered 
with tropical peat as shown in Figure 2.3 (Huat, 2004; Huat et al., 2005; Kadir, 
2009). Among these lands, 6,300 hectares of the peatlands are found in Pontian, Batu 
Pahat and Muar at West Johore area (Gofar, 2005; Huat at el., 2011). Figure 2.4 
shows the distribution of peatlands in Johor (Hassan, 2006). This was the main driver 
in conducting this research. Furthermore, peatland is also found in Pahang (such as 
Endau Rompin, Kuantan and Pekan district), northwest Selangor and Perak (such as 
Perat Tengah and Hilir Perak district) (Kadir, 2009). Sarawak has the largest 
coverage of tropical peat in Malaysia as peat covers up to 1.66 million hectares (Huat 
et al., 2011).  
 
 
 
Figure 2.4: Peatland of Johor area.  
 
In the tropical area, peat occurs mainly between the lower stretches of the 
main river course (basin peat) and in poorly drained interior valleys (valley peats) 
(Kadir, 2009). According to Huat (2004), basin peat is found on the inward edge of 
mangrove swamps along the coast while valley peat is flat or interlayered with river 
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deposits. Figure 2.5 shows a typical cross section of a basin peat. The depth of the 
peat is generally shallower near the coast and increases inwardly, locally exceeding 
more than 20 m. Gofar (2005) claims that the peat deposits in the west coast of 
Malaysia are mainly formed in depressions consisting predominantly of marine clay 
deposits or a mixture of marine and river deposits especially in area along river 
courses. 
 
 
 
Figure 2.5: Typical cross section of a basin peat (Huat, 2004). 
 
2.3.2.1 Peat morphology 
 
Generally, peat deposits consist of the elements that are not uniform in nature with 
large variations occurring over very small distances (Zolkefle, 2015). It depends on 
the accumulated plant material, the state of decay and the access to oxygen (Zolkefle, 
2015). The morphological characteristics of lowland organic soils are quite similar 
throughout the region. The convexity of coastal and deltaic peat swamps surfaces is 
increasingly pronounced with distance from the sea (Mohamed et al., 2002). 
Nevertheless, in drained areas, where the organic soils are transformed to a compact 
mass consisting of partially and well-decomposed plant remains with large wood 
fragments and tree trunks embedded in it (Mohamed et al., 2002). This led to the 
formation of various elements in the peat deposits. According to Mohamed et al. 
(2002), the profile morphology in drained organic soils consists of three distinct 
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layers as illustrated in Figure 2.6. The upper layer consisting of well-decomposed 
organic materials of the sapric type, a middle layer consisting of semi-decomposed 
organic materials of the hemic type and a lower layer of fibric materials which is 
mainly large wood fragments and branches and tree trunks (Mohamed et al., 2002).  
 
                             
                             
 
Figure 2.6: Profile morphology of peat soil (Mohamed et al., 2002). 
 
2.3.2.2 Structural arrangement of peat soil 
 
The structural arrangement of peat highly influences its engineering properties. They 
are dependent on the forming plant, the conditions on which the peat accumulated 
and deposited, and the degree of decomposition (Yulindasari, 2006). The presence of 
fiber content has been affecting the consolidation behaviour of peat (it is further 
discussed in Section 2.8). Dhowian & Edil (1980) also reported that fiber 
arrangement to be a major compositional factor in determining the way in which peat 
soils behave. The structure of fibrous peat is coarser than clay. This condition gives a 
significant effect to the geotechnical properties of peat related to the particle size and 
compressibility behavior of peat. 
Moreover, physical properties of fibrous peat differ markedly from other 
mineral soils. The fibrous peat has many void spaces existing between the solid 
grains. Due to the irregular shape of individual particles, fibrous peat deposits are 
porous and the soil is considered as a permeable material (Yulindasari, 2006). 
Kogure, Yamaguchi & Shogari (2003) have developed a multi-phase system 
of peat as presented in Figure 2.7(a). It was divided into two categories which are 
Sapric 
(20-30 cm thick) 
Hemic 
(30-40 cm thick) 
Fibric 
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organic bodies and organic spaces. Figure 2.7(b) shows a simple schematic diagram 
of cross section of deposition in order to give a clear picture of the peat soil 
arrangement (Wong, Hashim & Ali, 2009). It can be seen that organic particles 
consist of solid organic matter and inner voids. The solid organic matter is flexible 
with the inner voids, which is filled with water and it can be drained under 
consolidation pressure. The spaces between the organic bodies are known as outer 
voids, which is filled with solid particles (solids), fiber and water. 
 
 
 
 
 
 
 
 
 
                         
(a)                                                             (b) 
 
Figure 2.7: Schematic diagram; (a) multi-phase system of peat (Kogure et al., 2003), 
(b) peat arrangement (Wong et al., 2009). 
 
2.3.2.3 Classification of peat soil (engineering) 
 
In geotechnical engineering, the classification of peat soil is defined based on 
decomposition of fiber, the vegetation forming the organic content and fiber content. 
 
(a) Classification of peat soil based on degree of humification  
 
The classification of peat based on the degree of humification test (von Post 
classification system) was developed in the early 1920s in Sweden and is related to 
the fiber content of the peat (Zulkifley et al., 2013). This reflects the amount on soil 
water and peat soil that is expelled between the fingers when the soil is squeezed in 
the palm of hand, and it was classified as belonging to one of ten (H1 – H10) degree 
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of humidification scale as shown in Table 2.4. However, for geotechnical purposes, 
these 10 degrees of humification has been divided in three (3) classes namely fibric 
(fibrous), hemic (semi-fibrous) and sapric (amorphous) peat as shown in Table 2.5 
(Huat, 2004). Fibrous peats are in the humification range of H1 to H4. Hemic peats 
are in the range of H5 to H7. Sapric peats are in humification range of H8 to H10. 
 
Table 2.4: von Post degree of humification (Huat, 2004) 
von Post 
Scale 
Description 
H1 
Completely undercomposed peat which, when squeezed, releases almost clear water. 
Plant remains easily identifiable. No amorphous material present. 
H2 
Almost entirely undecomposed peat, when squeezed, releases, clear or yellowish water. 
Plant remains still easily identifiable. No amorphous material present. 
H3 
Very slightly decomposed peat which, when squeezed, releases muddy brown water 
but for which no peat passes between the fingers. Plant remains still identifiable and no 
amorphous material present. 
H4 
Slightly decomposed peat which, when squeezed, releases very muddy dark water. No 
peat is passed between the fingers but the plant remains are slightly pasty and have lost 
some of their identifiable features. 
H5 
Moderately decomposed peat which, when squeezed, releases very “muddy” water 
with a very small amount of amorphous granular peat escaping between the fingers. 
The structure of the plant remains is quite indistinct although it is still possible to 
recognize certain features. The residue is very pasty. 
H6 
Moderately decomposed peat which a very indistinct plant structure. When squeezed, 
about one-third of the peat escapes between the fingers. The structure more distinctly 
than before squeezing. 
H7 
Highly decomposed peat which contains a lot of amorphous material with very faintly 
recognizable plant structure. When squeezed, about one – half of the peat escapes 
between the fingers. The water, if any is released, is very dark and almost pasty. 
H8 
Very highly decomposed peat with a large quantity of amorphous material with very 
indistinct plant structure. When squeezed, about two thirds of the peat escapes between 
the fingers. A small quantity of pasty water may be released. The plant material 
remaining in the hand consists of residues such as roots and fibers that resist 
decomposition. 
H9 
Practically fully decomposed peat in which there is hardly any recognizable plant 
structure. When squeezed it is fairly uniform paste. 
H10 
Completely decomposed peat with no discernible plant structure. When squeezed, all 
the wet peat escapes between the fingers. 
 
Table 2.5: Classification of peat (Huat, 2004) 
Type of Peat von Post Scale Description 
Fibric peat H1 – H4 
Low humified 
Easy recognized plant structure, primarily of white masses 
Hemic peat H5 – H7 
Intermediate humified  
Recognizable plant structure 
Sapric peat H8 – H10 
Highly humified 
No visible plant structure 
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(b) Classification of peat soil based on fiber content 
 
Peat is further classified based on fiber content due to the presence of fiber which 
alters the consolidation process of peat from that of inorganic soil (Gofar, 2005). 
Boelter (1968) claims that the fiber content gives a high impact to the physical 
properties of peat soil especially in compressibility characteristic. Table 2.6 shows 
the classification of peat based on fiber content. Peat soil with fiber content less than 
33 % can be classified as sapric peat. It contains mostly particles of colloidal size 
(less than 2 microns), and the pore water is absorbed around the particle surface 
(Gofar, 2006). The behaviour of sapric peat is almost similar to the clay soil. The 
fiber content of between 33 to 67 % was classified as hemic peat while fibric peat 
consists of fiber content more than 67 % and possess two types of pore which are 
macro-pores (pores between the fiber) and micro-pores (pores inside the fiber itself) 
(Gofar, 2006). The behavious of fibric peat is very contradictory to the clay soil due 
to fiber in the soil. Moreover, fibric peat differs from sapric peat in that it has a low 
degree of decomposition, fibrous structure, and easily recognizable plant structure 
(Gofar, 2005). In addition, the compressibility of fibrous peat is very high.  
 
Table 2.6: Classification of peat based on fiber content (Huat, 2004; Gofar, 2005) 
Classification of peat based on ASTM standards 
Fiber Content (ASTM 
D1997) 
Fibric peat Peat with greater than 67 % fibers 
Hemic peat Peat with between 33 % and  67 % fibers 
Sapric peat Peat with less than 33 % fibers 
 
2.3.2.4 Characteristic properties of peat soils  
 
Peat soil possesses a variety of physical properties such as texture, water content, 
density and specific gravity. This has an implication on the geotechnical properties of 
peat related to the compressibility behaviour of peat. Thus, the geotechnical 
properties and behaviour of the soil is necessary in order to choose the best practical 
design and material for foundations. The basic index properties of Malaysia peat soil 
observed by past researchers are given in Table 2.7. As noted in the table, peat is 
classified as a problematic soil due to the high moisture content, low bearing 
capacity and large settlement characteristics. These properties which are summarised 
from the table are given as follows:   
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Table 2.7: General properties of peat soils in Malaysia by various researchers  
References Standard Location 
Degree of 
Humification 
Characteristic Properties 
w (%) OC (%) 
Fiber 
Content 
(%) 
Gs 
𝛾𝑏 
(kN/m3) 
e LL (%) pH Cc 
Su 
(kPa) 
Deboucha & 
Hashim, 2009 
and 2010 
BS 
West 
Malaysia 
- 
700 – 
850 
88.61 - 
99.06 
84.99 1.34 15.60 10.99 173.75 
3.68 – 
4.6 
- 
 
Kolay et al., 
2011 
ASTM 
Sarawak, 
Malaysia 
H4 598.5 90.47 79.33 1.21 - - 200.2 3.75 - 
 
Kazemian & 
Huat, 2009 
BS Malaysia  504 88.23 - 1.21 10.04 - 159.6 4.9 - 
 
Huat, 2004 BS 
West 
Malaysia 
 
200 – 
700 
65 – 97 - 1.38 – 1.7 - - 
190 – 
360 
- 
1.0 – 
2.6 
 
East 
Malaysia 
 
200 – 
2207 
76 - 98 - 1.07 – 1.63 - - 
210 – 
550 
- 
0.5 – 
2.5 
 
Islam & 
Hashim, 2010a,b 
BS 
West 
Malaysia 
H4 
414 –  
674 
88.61 – 
99.06 
90.25 – 
90.49 
0.95 – 1.34 
10.16 – 
10.20 
9.33 208.39 3.51 
2.43 – 
2.84 
 
Zainorabidin, & 
Bakar, 2003 
- Johore  (hemic peat) 230-500 80-96 - 1.48 –1.8 - - 
220-
250 
- 
0.9-
1.5 
7 – 11 
Duraisamy et 
al., 2008 
BS 
West 
Malaysia  
(fibrous peat) 
140 – 
350 
70 -88 - 1.42 – 1.56 
7.95 – 
10.01 
4.13- 
10.48 
240 - 
398 
- 
1.88 – 
3.63 
- 
Atemin, 2012  - 
Parit Nipah 
Peat  
(hemic peat) 791.00 78.76 - 1.88 -  119 3.6 
3.76 – 
5.30 
5 – 15 
Saedon, 2012 BS 
Parit Nipah 
Peat 
H5 546.43 86.24 - 1.56 - - 417 - - - 
Johari et al., 
2015 
BS & 
ASTM 
Parit Nipah 
Peat 
- 640.00 83.1 61.42 1.36 10.54 8.36 322 - 2.68 - 
Yusoff, 2015 BS 
Parit Nipah 
Peat 
- 480.61 - - 1.51 - - 162.50 3.76 - - 
Zolkefle, 2015 BS 
Parit Nipah 
Peat 
H6 710.44 78.77 40.97 1.34 - - 318 3.69 0.79 - 
2
2
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▪ Water content greater (w) than 100 % (when natural and wet) 
▪ Organic content in range 65 ~ 100 % (note: peat is defined when organic 
content >75 %, see Table 2.2 and 2.3) 
▪ Specific gravity (Gs) in range 0.95 ~ 1.88 
▪ Bulk density (𝛾𝑏) in range 7.95 ~ 11.5 kN/m
3 
▪ Liquid limit (LL) and plastic limit (PL) more than 100 % (when natural and 
wet) 
▪ Acidity (pH) in range 3.5 ~ 4.9 (very acidic) 
▪ Compression index (Cc)  in range 0.13 ~ 5.30   
▪ Undrained shear strength (Su) in range 5 ~ 15 kPa (very soft soil as classified 
in Table 2.8) 
The determination of undrained shear strength is also important when 
considering that peat soil is always below the groundwater table. Due to this, 
sampling of undisturbed peat for laboratory evaluation of undrained shear strength is 
almost impossible, so it is suggested that the test to be done via in-situ test. Gofar 
(2006) lists some approaches to in-situ testing in peat deposits such as vane shear 
test, cone penetration test, pressure-meter test, dilatometer test, plate load test and 
screw plate load tests. Amongst them, the vane shear test is the most frequently used 
in practices (Gofar, 2006; Atemin, 2012; Tong, 2015). Gofar (2006) found that the Su 
value of peat soil obtained by vane shear test ranged from 3 to 15 kPa. 
 
Table 2.8: Strength terms according to laboratory test and hand identification 
(Barnes, 2000) 
Term Su (kPa) Field Identification 
Very Soft <20 Exudes between fingers when squeezed in hand 
Soft 20 – 40 Moulded easily by finger pressure 
Soft to Firm 40 – 50 - 
Firm 50 – 75 Can be moulded by strong finger pressure 
Firm to Stiff 75 – 100 - 
Stiff 100 – 150 
Cannot be moulded by fingers but can be indented with 
thumb 
Very Stiff 150 – 300 Cannot be indented by thumb nail 
Hard >300 Broken with difficulty  
 
In addition, peat soil is also considered as a frictional and/or non-cohesive 
material due to having high fiber content. Thus, the shear strength of peat is usually 
determined in drained condition (Gofar, 2006). The friction is typically due to the 
fiber, but fiber is not always solid because it is usually filled with water. Gofar 
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(2006) stated that the high friction angle does not actually reflect the high shear 
strength of the soil. Direct shear box is the frequently test used  to determining the 
drained shear strength of peat and triaxial test is the most common test for 
determining shear strength of peat under consolidated-undrained condition (Noto, 
1991). Edil & Dhowian (1981) investigated that the effective internal friction angle 
(𝜙) of peat is generally higher than inorganic soil which are 50 o
 
for amorphous 
granular peat and in the range of 53 o to 57 o
 
for fibrous peat. According to Landva & 
La Rochelle (1983), the friction angle of peat under a normal stress of 30 to 50 kPa 
in the range of 27 o to 32 o. Huat (2004) reported that the range of internal friction 
angle of peat in West Malaysia was in the range of 3 o to 25 o. However, studies done 
by Mansor & Zainorabidin (2014) on direct shear box reported that the hemic peat at 
Parit Nipah, Johore (West Malaysia) had a 39.35 o friction angle (𝜙). 
Consolidation behaviour is one of most important properties related to the 
peat soil which is generally controlled by the fiber content. Consolidation behaviour 
and determination of consolidation parameters of peat are further discussed in 
Section 2.8. 
 
2.3.2.5 Critical review of characteristic properties of peat soils at Parit Nipah, 
Johor 
 
The characteristic properties of peat soil at Parit Nipah by past research are critically 
discussed in this section. This is the site area chosen for field performance study for 
this research. The average index properties of peat at Parit Nipah is given and 
highlighted in Table 2.7. In this section, moisture content (w), specific gravity and 
undrained shear strength (Su) parameter were determined at various depths as shown 
in Figures 2.8(a), (b) and (c), respectively (Tong, 2015). All of these parameters 
varied with depth in Parit Nipah peat and generally: 
▪ Moisture content (w) in range 450 to 1200 %  
▪ Specific gravity (Gs) in range 1.25 to 1.65 
▪ Undrained shear strength (Su) in range 5 to 16 kPa 
The geotechnical properties presented in Sections 2.3.2.4 and 2.3.2.5 show 
difficulties for construction on the peat deposit. The loads of heavy traffic and the 
road embankment weight imposed on the subsoil results in settlement due to the 
subsoil which lacks the capability of supporting the weight or bearing pressure 
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